Key indicators: single-crystal synchrotron study; T = 95 K; mean (C-C) = 0.001 Å; R factor = 0.029; wR factor = 0.079; data-to-parameter ratio = 20.6. 
The asymmetric unit of title hydrated salt, C 22 H 46 N 4 2+ Á2Cl À Á-4H 2 O, comprises half a centrosymmetric dication, one Cl À anion and two water molecules of crystallization. The structure determination reveals that protonation has occurred at diagonally opposite amine N atoms, and that the dication features intramolecular N-HÁ Á ÁN hydrogen bonds. In the crystal, a three-dimensional artchitecture is formed by O-HÁ Á ÁCl/N and N-HÁ Á ÁCl/O hydrogen bonds.
Related literature
For background to the coordination chemistry of tetraazamacrocycles, see : Choi et al. (2010); De Clercq (2010) . For the synthesis of the precursor macrocycle, see: Lim et al. (2006) . For related structures, see : Choi et al. (2006 : Choi et al. ( , 2011 .
Experimental
Crystal data Table 1 Hydrogen-bond geometry (Å , ). 
Data collection: PAL ADSC Quantum-210 ADX (Arvai & Nielsen, 1983 ); cell refinement: HKL3000sm (Otwinowski & Minor, 1997) ; data reduction: HKL3000sm; program(s) used to solve structure: SHELXL2013 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL2013; molecular graphics: DIAMOND (Brandenburg, 2007); software used to prepare material for publication: WinGX (Farrugia, 2012) .
The experiment at the PLS-II 2D-SMC beamline was supported in part by MEST and POSTECH. in the normal range (Choi et al., 2006 (Choi et al., , 2011 . As expected, the N-C distances involving the protonated nitrogen atom, N1
are slightly longer than the other N-C distances. The cyclohexane ring that is fused to the 14-membered ring exists in a stable chair conformation, and the N1-C2-C3-N2 torsion angle displays a gauche conformation. The crystal structure is stabilized by different types of hydrogen bonds, Table 1 .
The starting material, the macrocycle 3, 14-diethyl-2,6,13,17-tetraazatricyclo(16.4.0.0 7,12 )docosane (L) was prepared according to published procedure (Lim et al., 2006) . L (0.67 g, 0.2 mmol) was taken in a round bottomed flask in EtOH (10 ml). 2-Chloro-N,N-diethylacetamide (0.0936 g, 0.5 mmol) in EtOH (5 ml) was added. Then triethylamine (1.33 g, 0.2 mmol) in EtOH (2 ml) was added. The mixture was heated to reflux for 24 h. Colourless crystals suitable for X-ray analysis were obtained from the solution at 298 K over a period of a few days.
Refinement
The C-bound H-atoms were placed in calculated positions (C-H = 0.98-1.00 Å) and were included in the refinement in the riding model approximation with U iso (H) set to 1.2-1.5U eq (C). The O-and N-bound H-atoms were located in a difference Fourier map and refined freely. One of the H atoms of the O2w water molecule was disordered over two sites of equal weight.
Computing details
Data collection: PAL ADSC Quantum-210 ADX (Arvai & Nielsen, 1983 ); cell refinement: HKL3000sm (Otwinowski & Minor, 1997) graphics: DIAMOND (Brandenburg, 2007) ; software used to prepare material for publication: WinGX (Farrugia, 2012) .
Figure 1
The molecular structure of title compound with displacements ellipsoids drawn at the 50% probability level for non-H atoms. Primed atoms are related by the symmetry operation 1/2-x, 1/2-y, 1-z. 
